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The effect of ultraviolet light on chemically-induced skin carcinogenesis m mice was 
studied. Ultraviolet (UV) irradiation (5.5 x 107 ergs/em') 24 hr before repeated applications 
of 7,12-dimethylbenz[a]anthracene (DMBA) resulted in an increased tumor yield, while ir-
radiation 1 hr after painting caused a decrease. UV irradiation prior to a single application of 
3,4-benzo[a]pyrene as an initiating agent, followed by repeated applications of croton oil, in-
creased the neoplastic response. The enhancing effect of a low, nonulcerating dose of UV 
light 2.8 x 106 ergs/em 2 on initiatioo by DMBA in two-stage skin carcinogenesis was also 
significant. 
Reports on the effects of combined ultraviolet 
(UV) irradiation, visible light, and polycyclic hy-
drocarbon treatment on animal skin have pre-
sented conflicting results. Acceleration of tumori-
genic effect has been reported [l-6], as well as 
inhibition [78], and no effect [9-ll]. In previous 
studies in our laboratory, a single application of 
UV light, given before initiation with 7,12-dimeth-
ylbenz[a]anthracene (DMBA), had an enhancing 
effect on skin tumor induction. while irradiation 
after initiation caused a decrease in tumor yield 
[12]. This divergent effect was also obvious when 
UV light was given once. before repeated applica-
tions of DMBA, in which a significant increase in 
tumor numbers was seen. Conversely, a decrease 
in the number of tumors occurred when UV light 
was given after each carcinogen application in a 
repeated treatment experiment [13]. 
To more fully evaluate these results. we per-
formed a series of experiments using the carcin-
ogens 7,12-dimethylbenz [a]anthracene (DMBA) 
and 3,4-benzo[a]pyrene (B [a]P) in a dose and mode 
of administration (subcutaneous vs topical) differ-
ing from previous experiments. In addition, the se-
quence and interval between UV treatment and 
carcinogen applications were varied. 
MATERIALS AND METHODS 
Groups of 40 8-week-old female Swiss mice from the 
Eppley colony were used. They were housed 10 per plastic 
cage, fed Rockland diet pellets. and given tap water ad 
libitum. The light source was a Westinghouse FS-40-T-12 
sunlamp emit! ing an energy of 1. 7 x 10' ergs/em '/hr at a 
distance of 37 em, 55% in the 275 to 315 nm range. Light 
energy was measured with an International Light IL335 
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exposure meter. DMBA and B!a]P were applied with a 
precision pipette on the back skin between the flanks in a 
volume of 0.02 cc per dose. The skin was shaved 2 hr 
before UV treatment using electrical clippers and avoid-
ing possible superficial skin injury. The chemicals were 
checked for purity by thin-layer chromatography and 
dissolved in twice-distilled acetone I Fisher Scientific Co .. 
Rocklawn, Ill.). 
In experiment A (Tab. !). group 1 mice were treated 
with 12 lig of DMBA (Aldrich Chemical Co .. Milwaukee, 
Wise.) in acetone twice weekly for 8 weeks. and group 2 
received UV light 15.5 , 10' ergs/em') for .'3 hr twice 
weekly for 8 weeks. Group 3 received UV light (5.5 x 10' 
ergs/em 'l 24 hr before each carcinogen treatment 
(DMBA. 121'-g twice a week) for 8 weeks; group 4 received 
UV light (5 .. 5 x 10' ergs/em') 1 hr before each DMBA 
application (12 lig twice a week) for 8 weeks: and group 5 
received UV light (5.5 " 10' ergs/em') 1 hr after each 
DMBA application ( 12 lig in acetone twice a week) for 8 
weeks. 
ln experiment 8, group 1 received a single exposure of 
GV light (5.5 x 10' ergs/em'); group 2 received B!a]P 
( 100 }lg in acetone) once; and group 3 received croton oil 
(0.02 cc of a 2.5o/r solution) twice a week for 30 weeks on 
the back skin. Group 4 received B[a]P (100 iigl once, 
followed 10 days later by croton oil (0.02 cc of a 2.5'k 
solution) for 30 weeks. Group 5 received one application 
ofUVlight (5.5 x 10'ergs/cm') I hrbeforetheB!a]Pand 
croton oil. Group 6 received 50 lig of DMBA in acetone 
applied topically to the back. Group 7 received DMBA 
(50 iigl and 10 days later croton oil (0.02 cc of a 2.5% 
solution) twice a week for 30 weeks; group 8 received UV 
light (2.8 x 10' ergs/em') once and 1 hr later DMBA (50 
Jlg); and group 9, the same treatment followed 10 days 
later by twice-weekly applications of 2.5% croton oil for 
30 weeks. Group 10 received 200 Jlg of DMBA subcutane-
ously, and in group 11 this was followed 10 days later by 
treatment with a 2.5% solution of croton oil in acetone 
twice weekly for 30 weeks. In group 12, UV light (5.5 x 
10' ergs/em') was given once 1 hr before a single injection 
with B [a ]P (100 iigl followed 10 days later by a 30-week 
schedule of croton oil, 2.5% solution twice a week. Details 
of the experiments are presented in Table II. 
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Animals were checked weekly. and tumors, including 
spontaneous regressions, recorded. All mice were killed 30 
weeks after the start of the experiment and were com-
pletely autopsied. Sections from all skin lesions (except 
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TABLE I. Experiment A: Number and types of tumors induced by repeated applications of ultraviolet light and 
different chemicals 
Number of animals with histologically verified tumors 
Total Total Total Group Treatment no. of TBA• gross Papil· Squamous Heman- Fibro· Fibro-
animals tumors lomas cell car- giomas mas sarcomas 
cinamas 
1 DMBA 40 20 28 10 2 - - -
alone 
2 uv 40 10 12 3 2 - - 2 
alone 
3 UV24hr 40 31 37 11 4 1 2 2 
beforeDMBA 
4 UV 1hr 40 18 18 5 l l 1 1 
beforeDMBA 
5 DMBA lhr 40 B 10 4 - - - 1 
before UV 
•TBA = tumor-bearing animals 
TABLE II. Experiment B: Modifying effect of ultraviolet li11ht on number and tumor types induced by initiation-pro-
motion treatment 
Treatment Total no. of animals with histologically verified tumors Total Total Total no. of -· Group no. of TBA gross Squamous Kerato- Fibro-Pretreatment Initiation Promotion animals tumors Papil- cell car- acantha- sa reo· 
ergs/cm 2 
1 UV 5.5 X 10' - -
2 - B[a]P lOOI'g ;["" 
3 - - Croton oil 
2x/week 
4 - B[a]P 100 "g Croton oil 
2x/week 
5 UV 5.5 X 10' B[a)P 1001'g Croton oil 
2x/week 
6 - DMBA50"g -
7 - DMBA50JLg Croton oil 
i 2x/week 
8 UV 2.2 X 10' DMBA50!'g I -
9 UV 2.8 X 10' DMBA501'g I Croton oil 2x/week 
10 - DMBA200~tg -
subcut. 
11 - DMBA2001'g Croton oil 
subcut. 2x/week 
12 UV 5.5 X 10' DMBA2001'g Croton oil 
subcut. 2x/week 
for spontaneously regressing tumors I and from organs 
showing gross abnormalities were studied histologically. 
Formalin-fixed sections were embedded in paraffin and 
stained with hematoxylin and eosin and other stains as 
needed. 
RESULTS 
Repeated carcinogen treatment (experiment A) 
induced a large number of tumors (Fig. 1, Tab. ll, 
the number depending on the conditions of the 
experiment. DMBA alone induced papillomas and 
squamous cell carcinomas. With UV irradiation 
only, papillomas. squamous cell carcinomas, and 
40 
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40 
40 
40 
40 
40 
40 
40 
40 
40 
lomas 
cinomas mas mas 
- - - - - -
- - - - - -
- - - - - -
4 4 2 - - -
9 14 7 - - -
-
-
- - - -
22 28 19 0 1 -
- - - - - -
20 40 17 2 
-
-
3 - - - - 3 
2 - - - - 2 
2 5 1 1 - 2 
fibrosarcomas were produced. UV treatment 24 hr 
before DMBA applications increased the total 
tumor yield to 37 from 29, and after DMBA ap-
plications. UV caused a decrease in the tumor 
yield from 28 to 10, with only 4 papillomas and a 
fibrosarcoma remaining. UV given 1 hr before 
DMBA also caused a decline in tumor yield. al-
though in not as significant an amount as in the 
previous group. Histologically, the tumors were 
papillomas and squamous cell carcinomas of vary-
ing degrees of differentiation, and a few fibrosar-
comas. fibromas, and hemangiomas were seen in 
the UV-treated animals. Tumors which regressed 
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FIG. 1. Experiment A: Number of grossly observed 
tumors induced by 7, 12-dimethylbenz [a ]anthracene 
(DMBA) and ultraviolet (UV) light. Group 1 received 
DMBA only; group 2, UV light only; group 3, UV light 24 
hr before DMBA; group 4, UV light 1 hr before DMBA; 
and group 5, UV light 1 hr after DMBA. 
during the experiment were also seen in all groups. 
Treatment by the two-stage method (experiment 
8) almost exclusively induced benign tumors (Fig. 
2, Tab. Ill. UV irradiation, B[a]P, or croton oil 
treatment alone failed to induce tumors. B[a]P 
given once and followed by croton oil induced few 
papillomas. The number increased, however, when 
the B[a]P initiation was preceded by irradiation 
with UV light. Histologically, the tumors induced 
by B[a]P and croton oil were all benign fibropapil-
lomas and acanthopapillomas, with fibrous stalks 
covered by proliferating squamous epithelium. The 
irradiation treatment did not alter the histologic 
character of the tumors, although the stromal re-
sponse, with fibrosis, vascular proliferation, and 
elastic degeneration, was more prominent. 
Initiation with DMBA, followed by croton oil, 
produced a higher number of tumors than initiation 
with B[a]P and croton oil. Morphologically, the 
tumors were similar to those previously described. 
DMBA initiation alone produced no tumors. Tu-
mor numbers increased when the DMBA initiation 
was preceded by small doses of UV irradiation, 
such as 2.8 x 10' ergs/em'. This dose level was 
devoid of such initial destructive effects as ulcera-
tion, fibrosis, and scarring associated with the 
higher doses of UV light. Most tumors, however, 
regressed during the experiment and were not 
available for morphologic analysis. A small num-
ber of well-differentiated squamous cell carcino-
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mas invading the dermal tissues as well as a 
keratoacanthoma composed of proliferating squa-
mous cells on a cup-shaped base were seen. 
A single subcutaneous injection of DMBA in-
duced a few fibrosarcomas. Tumorigenesis in this 
case was not affected by croton oil treatments; 
however, a small number of epithelial tumors were 
seen in animals which also received a single dose of 
UV light prior to initiation. 
DISCUSSION 
Early studies with combined UV light and tar 
applications reported increased cancer formation 
[1,14]. However, these results were not confirmed 
when pure hydrocarbons were used [11,13,15,16). 
Clark [4) reported an increased tumor yield with 
small doses of UV light on carcinogen-induced 
tumor formation, but a decrease when large doses 
of UV light were used. In studies on the effect of 
visible light on UV-induced skin tumor formation, 
both retardation [17] and enhancement [18) were 
found. 
In the present study a significant decrease in 
tumor yield resulted when UV light was given 1 hr 
after DMBA applications (experiment A, group 5). 
A probable explanation for this phenomenon is 
that a photochemical deactivation of the carcino-
gen [19,20) takes place and influences the carcino-
genic effect on the skin [21). Several early inves-
tigators [22-24) showed that UV irradiation caused 
oxide formation. with DMBA more easily photo-
oxidized than B[a]P. Engelbreth-Holm and Iver-
sen [20] reported that the photo-oxide of DMBA 
was less carcinogenic than the parent compound. 
when applied topically to mice. Recently, Davies et 
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FIG. 2. Experiment B: Number of grossly observed 
tumors induced by tbe initiation-promotion method. 
Group 4 received 3, 4-benzo [a]pyrene (B [a]P) once fol-
lowed by croton oil 2x/week; group 5, ultraviolet (UV) 
light once 24 hr before B [a ]P, followed by croton oil 
2x/week; group 7 received 7,12-dimetbylbenz[a]anthra-
cene (DMBA) once, followed by croton oil 2 x /week; 
and group 9, UV light once 24 hr before DMBA, followed 
by croton oil 2x/week. 
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al [25) reported that photoproducts of DMBA were 
minimally carcinogenic and that mice, irradiated 
immediately after painting, exhibited no response 
to DMBA or light. UV light also inhibited skin 
tumorigenesis by such other polycyclic aromatic 
hydrocarbons as dibenz[a,i)pyrene in studies per-
formed in our laboratory (unpublished observa-
tions). 
Other possibilities, such as a biologic interaction 
between UV light-induced morphologic abnormali-
ties on DMBA-induced neoplastic progression, 
must also be taken into account [26). Argus et al 
[27] reported an inhibitory effect of x-rays on 
chemically-induced tumor growth, apparently as a 
result of the cytotoxic effects of irradiation. It has 
also been suggested [28] that light may facilitate 
absorption of carcinogens through the skin, leaving 
a less effective amount on the surface. Santamaria 
et al [29,30] considered the inhibition by light a 
consequence of a photodynamic process leading to 
severe damage of cellular components, as opposed 
to the alteration of the carcinogen due to a photo-
sensitized oxidation. 
A significant increase in tumor totals was found 
in the experiments in which UV irradiation was 
given 24 hr before painting with DMBA. Increased 
carcinogenic activity of irradiated carcinogens has 
been reported for B[a]P [30,31] and anthracene 
[32]. Similarly, in our laboratory, this phenomenon 
was observed with other carcinogens such as 7-
methylbenzanthracene. Contributing to the po-
tential carcinogenesis of B [a ]P is the fact that the 
6-carbon atom-substituted photoproduct is the 
most reactive [31). Epstein [6] explained the 
increase in tumor yield produced by UV light on 
DMBA-induced skin tumorigenesis as dependent 
on the repeated initiation of new latent tumor 
units. Santamaria et al [29,30 ], in a series of 
studies on the effects of UV light on B {a ]P skin 
carcinogenesis, considered the accelerated tumor 
induction by light as due to excitation of 3,4 
B [a]P, a factor still compatible with cellular life. 
Moreover, phototoxicity known to be associated 
with polycyclic hydrocarbons [7,29,33,34] ap-
peared to enhance carcinogenic activity in mice 
irradiated 1 to 4 hr after DMBA applications [25). 
Since certain polycyclic hydrocarbons are photo-
sensitizers, the addition of light energy to their 
inherent carcinogenic effect would be expected to 
accelerate tumor formation [35). 
In an initiation-promotion type experiment we 
have previously shown that the initiating capacity 
ofDMBA is enhanced by prior UV irradiation [12]. 
As seen here (experiment B), the increased tumor 
yield caused by a single UV application prior to 
initiation does not depend on the type or dose of 
initiating agent. B [a ]P and croton oil (group 4) 
induced a significantly higher number of tumors 
when preceded by a single UV light treatment 
(group 5). UV irradiation, in doses as low as 2.8 x 
10" ergs/em 2 before initiation (group 9), also nearly 
doubled the tumorigenic response compared to 
tumor induction by DMBA and croton oil alone. In 
Vol. 64, Na. 4 
this group, the initial destructive changes, i.e., ne-
crosis, erosion, and inflammation, were not as 
significant as in animals receiving the larger dose. 
A possible explanation for this increase in total 
tumors may be that an enhanced binding of B [a ]P 
to cellular constituents occurs, increasing the po-
tency of B [a ]P [31 1- Epstein [35) considered the 
UV light effect on the h~ir cycle significant. Our 
res\llts do not support this hypothesis, as the time 
period between irradiation and initiation is too 
short for significant changes in the hair cycle to 
occur. However, the number of regressing tumors 
was significant in this, as well as in previous 
studies [12]. The totals indicate that the increased 
tumor population possibly represents a lower level 
of neoplastic transformation induced by the addi-
tion of UV light or depending on a specific effect on 
the host or on its immunologic defense mech-
anisms. 
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